Flavanones are one of the most interesting naturally occurring flavonoids in view of their structural pattern as well as biological and pharmacological potentials. The present review deals with natural flavanones reported from 1998 to mid 2007, along with their biological and pharmacological activities. The review includes more than 160 new naturally occurring flavanones from 135 references. The reported flavonoids belong to thirty-six plant families.
Flavanones are regarded as one of the most interesting subclasses of naturally occurring flavonoids in view of their structural pattern as well as their biological and pharmacological potential. They are interesting compounds also because they are the obligate intermediates in flavonoid biosynthesis. Although flavanones are minor chemical constituents of plants, they have attracted a lot of attention in chemistry and the biological sciences. Flavanones have a stereogenic centre (chiral centre) at C-2 so that naturally occurring members are often optically active. Discussions on natural flavanones in the literature are scattered justifying the present review covering new natural flavanones reported from 1998 to mid 2007, their natural distributions, and their biological and pharmacological activities. Information regarding natural distribution of these compounds is also likely to be useful for purposes of chemotaxonomy. (Flavanone skeleton)
Natural sources of flavanones
Natural sources of the flavanones reported during the period of 1998 to mid 2007 are presented in Table 1 . Seventy seven plant genera distributed among 36 plant families are tabulated alphabetically.
Biological and pharmacological activities
It has already been established that a good number of naturally occurring flavanones exhibit promising biological and pharmacological activities as summarized in Table 2 , and discussed below. Antioxidant activities: Generation of reactive free radicals is a matter of considerable concern both in food chemistry and biological systems. In living systems, free radicals attack key biological molecules, leading to degenerate or pathological processes of various diseases [105] [106] [107] . Natural U. macrophylla
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[44] [104] products are found to show antioxidant activities mainly due to their redox properties, which can play an important role in neutralizing free radicals, quenching singlet and triplet oxygen, or decomposing peroxides. The plants possibly produce such phenolic compounds as a defense against adverse conditions [108] . Naturally occurring flavonoides have been known to possess significant antioxidant activity; the [131] . Since the early fifties, the antioxidant potential of such compounds in regard to food preservation has been a focus of research including detailed structureactivity relationship (SAR) studies [131] .
Al-Burtamani and Fatope [109] studied the antioxidant activities of naringenin (176; 5,7,4'-trihydroxyflavanone) and 3-hydroxynaringenin (184) isolated from Commiphora wightii (Burseraceae) in the DPPH (1,1-Diphenyl-2-picrylhydrazyl) assay and reported the antioxidant efficacies [expressed as inhibition percentage (IP)] of the crude ethanol extract, naringenin, 3-hydroxynaringenin and gallic acid (control agent) as 54, 39, 66, 88, respectively. Naringenin was also reported to behave as a good free radical scavenger [110] , whereas compound 22 showed weak activity (IC 50 value 710 µg/mL towards DPPH radical) [44] . Abyssinone VII (23a) has also been reported to possess radical scavenging activity [132] as have sigmoidin A (169; 5,7,3',4'-tetrahydroxy-2',5'-diprenylflavanone) and sigmoidin B (170; 5,7,3',4'-tetrahydroxy-2'-prenylflavanone), the two prenylated flavanones isolated from Erythrina sigmoidea, which showed effective antioxidant activity studied in the DPPH assay [111] ; they scavenged the radical formed in the assay by 93% and 86%, respectively, and the values are in the same range as that of quercetin-3-O-glucoside (92%), which was used as the reference standard [111] .
Eriodictyol (171; 5,7,3',4'-tetrahydroxyflavanone) was also reported to have significant antiperoxidative effect when investigated using CCl 4 -induced peroxidation of rat liver microsomes [112] . Tanariflavanone D (110) exhibited radical scavenging properties with an IC 50 value of 20 ± 1 µM, and was found to be stronger than tanariflavanone B (108) and 2,6-di (tert-butyl)-4-methylphenol (BHT), which showed IC 50 values of 33 ± 1 and 30 ± 1 µM, respectively [28, 29] .
The flavanone glycosides 75 and 76, isolated from the branches and leaves of Viscum coloratum, showed potent antioxidative efficacies evaluated by colorimetric methods based on their scavenging effects on hydroxyl and superoxide anion radicals [104] . The inhibition of superoxide anion generation in human neutrophils by the flavanone 41 has also been reported by Leu et al. [113] . Amhed et al. [5] reported that the flavanone, ersinol and the flavanone glycosides, persinosides A and B (the chemical constituents of Aerva perisca) possess strong antioxidant activities as evaluated by DPPH and cytochrome-c-reduction assays using HL-60 cell culture system.
Citrus is consumed as a common fruit or vegetables, because of high contents of vitamins, minerals and antioxidant compounds such as flavonoids. The main flavonoids found in the most cultivated citrus species are flavanones such as hesperidin (186) and naringenin (176). Citrus flavonoids were reported to decrease capillary fragility and to improve blood flow; other therapeutic activities are anticancer and antiulcer [114] .
Recently, Hosseinimehr [115] investigated the flavanone content of Citrus aurantium extract (ripe fruits) and also assessed it's antioxidant efficacy using the DPPH and hydrogen peroxide assays. The scavenging effect of the ethanolic extract from citrus peel on DPPH radicals was found to be concentration-dependant, and the investigators [115] reported that 89.3% scavenging of DPPH radicals was achieved at 1.6 mg/mL. Citrus extract was also capable of scavenging hydrogen peroxide in a concentration dependent fashion. A promising protective effect against amyloid β  (Aβ )-induced free radical-mediated neurotoxicity, which may lead to Alzheimer's disease, was shown by the flavanone, naringenin isolated from citrus junos [116] . Hesperidin and naringin have powerful plasma lipid lowering and plasma antioxidant activity. Gorinstein et al. [117] studied the effect of these flavanones on the plasma lipid profile and plasma antioxidant activity in rats fed with a cholesterolcontaining diet; after 30 days, it was found that diets supplemented with hesperidin and naringin increased the plasma antioxidant activity. On the basis of their experimental results, the investigators concluded that diets supplemented with hesperidin and naringin, the flavanone constituents of citrus fruits (orange and grapes), significantly hindered the increase in plasma lipid levels caused by cholesterol feeding. (117-120) [55] was tested in cultured MCF-7 cells and also in mouse liver cancer cells (Hepa 1 clc 7); compound 119 was found to be the most potent among them. The IC 50 values (in µM) for the compounds were determined against MCF-7 cells as 6.6, 6.9, 3.0 and 5.7, respectively, and against Hepa 1clc 7 as 8.5, 3.9, 3.5 and 5.1, respectively [55] . The relatively higher potency of compound 119 suggests the importance of the free hydroxyl at C-4'. Two new lavandulylated flavanones, (2S)-2'-methoxykurarin-one (37) and (-)-kurarinone (38) as well as two previously known ones, 5,7,2',4'-tetrahydroxyl-8-lavandulylflavanone (173) and 5,7,4-trihydroxy-8-lavandulyl-2'-methoxy flavanone (174), all isolated from Sophora flavescens were also reported to exhibit cytotoxic activity against human myeloid leukemia HL-60 cells (the IC 50 values for the flavanones are 13.7, 18.5, 12.5 and 11.3 µM, respectively) [61] . Compounds 19 and 111 are also cytotoxic; it is reported that the flavanone 111 exhibit strong cytoxicity against human epidermoid carcinoma (KB), human breast cancer (BC) and human small cell lung cancer (NCI-H187) cell lines with IC 50 values of 1.2, 1.7 and 0.6 µg/mL, respectively, while 19 showed moderate effects against the NCI-H187 cell line with IC 50 value of 8.1 µg/mL [36] . (2S)-5'-Hydroxy-7,3',4'-trimethoxy flavanone (51) , isolated from the leaves of Muntingia calabura, was found to exhibit in vitro cytotoxicity against P-388 (and/or HT-29) cell lines with IC 50 > 4 µg/mL [99] .
Effects of some previously known flavanones, hesperetin (172; 5,7,3'-trihydroxy-4'-methoxy flavanone), isosakuranetin (177; 5,7-dihydroxy-4'-methoxyflavanone), pinocembrin (175; 5,7-dihydroxyflavanone), naringenin (176), eriodictyol (171; 5,7,3',4'-tetrahydroxyflavanone) and taxifolin (184; 5,7,3,3',4'-pentahydroxyflavanone), were studied by Habetemariam [118] on tumor necrosis factor-α (TNF-α)-induced cytotoxicity in murine fibroblast L-929 cells. Eriodictyol was found to be the most potent of the series, while the C-4' hydroxyl flavanone, naringenin enhanced the TNF-induced cytotoxicity [at higher non-toxic concentration tested (250 µM)] by 25 ± 4 % and 31 ± 3% when assessed by crystal violet staining and thymidine incorporation assays, respectively. While eriodictyol was found to be the most protective among the flavanoids tested, hesperetin, pinocembrin and isosakuranetin failed to modify the TNF-induced activity. This fact suggests the structural requirements for the effecteriodictyol bears two free ortho-dihydroxyls at C-3' and C-4', but replacement of the C-3' hydroxyl group of the compound by a methoxyl group abolished the protective effect, whereas the addition of a further hydroxyl group at C-3 (i.e. taxifolin; 184) reduced the effect 50 fold with respect to that of eriodictyol. Thus, in regards to structure-activity relationships, the presence of an o-dihydroxy moiety in the B-ring of flavonoids as well as the 4-oxo functional group must have a role in the inhibition of TNF-induced cytotoxicity [118] . Although protective flavonoids could be useful for combating diseases where TNFmediated cell death has a significant role, flavonoids that enhance the cytotoxicity of TNF may have a therapeutic potential for cancer and related diseases. 7,8-Dihydroxyflavanone (164), isolated from the seeds of Alpinia katsumandai by Yang et al. [119] , showed an in vitro cytotoxic effect against A549 (a human lung cancer cell line) and K562 (a human leukemia cell line) with IC 50 values of 0.20 µg/mL and 0.056 µg/mL, respectively (MTT-based assay).
This flavanone also demonstrated a significant inhibitory effect on Jun-Fos-DNA complex formation, with IC 50 value of 13.23 nM. Transcription in Eukaryotes is regulated through two types of DNA sequences -promoters and enhancers; the transcriptional control is exerted through nuclear transcription factors that recognize short consensus sequences within the promoters and enhancers [120] . Again, the c-jun and c-fos proto-oncogene encodes part of the AP-1 transcription factor that binds to a consensus sequence found in promoters and enhancers of many genes. The AP-1 transcription factor alters gene expression in response to growth factors, tumor promoters, and overexpression of various oncongenes -most transcription activators bind proteins, and some of them involve dimer forms (dimerization gives them more stable and specific features) especially with a bZIP motif. It has also been found that the Jun-Fos heterodimer (dimerization through the leucine zipper motif in both proteins) binds to the AP-1 DNA sequence with about 30-fold higher affinity than the Jun-Jun homodimer [121] -hence the natural flavanone appeared to be a promising inhibitor of the above complexation to give an anti-cancerous effect.
Delmulle et al. [122] have examined a number of prenylated flavanoids including 6-prenylnaringenin (179) and 8-prenylnaringenin (180) isolated from hops (Humulus lupulus) for their in vitro anti-proliferative activity on human prostate cancer cell lines PC-3 and DU-145; 8-prenylnaringenin, a highly potent phytoestrogen, exhibited pronounced antiproliferative effects both on PC-3 and DU-145, whereas 6-prenylnaringenin was found to inhibit the cell-growth moderately. From their experimental results, the investigators suggested that prenylated flavanones from hops effectively inhibit proliferation of prostate cancer cells in vitro [122] .
The prenylated flavanones (165-168) isolated from the methanolic extract of the flowers of Azadiracta indica by activity-guided fractionation have been found to be potent antimutagenic agents against Trp-P-1 (3-amino-1,4-dimethyl-5H-pyrido [4,3-b] indole) in the Salmonella typhimurium TA98 assay [123] . The antimutagenic IC 50 values of compounds 165-168 were evaluated as 2.7±0.1, 3.7± 0.1, 11.1±0.1 and 18.6±0.1 µM, respectively, in the preincubation mixture. These compounds also inhibited the mutagenic activity of Trp-P-2 (3-amino-1-methyl-5H-pyrido [4,3-b] indole) and PhIP (2-amino-1-methyl-6-phenylimidazo [4,5-b] pyridine) [123] . On the basis of their experimental observation, Edenharder et al. [129] suggested that increasing polarity by the introduction of hydroxyl functions into the parent flavanone-skeleton reduces antimutagenic potency; however the potency has been observed to increase on reducing the polarity of hydroxy-substituted flavanones by methylation [129] .
Effects on hormones: Naturally occurring naringenin derivatives are reported to possess estrogenic activity. Zierau et al. [124] have studied the anti-androgenic activity of 6-(1,1-dimethylallyl)naringenin (181) and 8-prenylnaringenin (180) along with the parent compound using two independent anti-androgenic screening assays. The two naringenin derivatives demonstrated relatively strong anti-androgenic activity in a yeast-based androgen receptor assay, while the parent compound had no detectable activity. However, in an androgen receptor activity assay based on the analysis of prostate specific antigen (PSA) in the supernants of treated PC3(AR)2 cells, only 6-(1,1-dimethylallyl) naringenin (181) showed anti-androgenic activity at concentrations of 10-5 M; the other two exhibited no recognizable antiandrogenic effect -this observation is in accord with the fact that prenylated naringenins act via the estrogen and androgen receptors.
Zierau et al. [125] also studied the in vivo uterine effects of 6-(1,1-dimethylallyl) naringenin in a dosedependent three-day uterotropic assay in ovariectomized Wistar rats using the phytoestrogen at three different concentrations (1.5 mg/kg; 7.5 mg/kg and 15 mg/kg BW/d). The compound was found to stimulate uterine mRNA expression of estrogen responsive genes. Estrogen receptor alpha-beta mRNA was expressed in the uterus; such estrogen receptor mediates the expression of genes with an estrogen responsive element in the promoter, e.g., complement C3 and the progesterone receptor. The expression of the above-mentioned genes therefore was analyzed at three different concentrations. The compound up-regulated progesterone receptor and particular complement C3 mRNA expression; however, it is less pronounced than the estradiol used as positive control.
Antimicrobial activity: It is reported that many flavonones having no sugar moiety exhibit antibacterial activity [126] . The flavanones 100 and 101 isolated from the methanol extract of the dried leaves of Physena madagasariensis showed significant activity against a number of bacteria as studied by Deng et al. [14] . These flavanones were tested against several Gram-positive and Gramnegative bacteria. Detailed outcomes of the experiment are summarized in Table 4 . The new flavanone 22, isolated from Erythrina latissima, also showed antibacterial and antifungal properties (Table 4 ) [44] .
Garo et al. [25] studied the antifungal effects of two O-prenylated flavanones, 69 and 5,7-dihydroxy-4'-prenyloxyflavanone (178) as well as one C-prenylated flavanone 13, all isolated from Monotes engleri. In comparison with a standard [17] has also been reported to exhibit significant antifungal activity against Aspergillus niger and Candida albicans. The importance of fungistatic or fungitoxic properties of flavanones as factors in wood preservation was discussed by Hergert [127] . Naringenin (176) has also been established as a growth inhibitor in dormant peach flowers. Little has been done with this finding but it is potentially useful to stone-fruit growers as a means of controlling growth of their crops.
The flavanones 152 and 5,7,4'-trihydroxy-6,8-di-(3-methylbut-2-enyl)flavanone (182) isolated from Feronia limonia by Rahman and Gray [93] , were also studied for their antimicrobial activity. The former showed significant activity against both grampositive and gram-negative bacteria, while the later was less active. Flavanones 26 and 27 of Eysenhardtia texana were also reported to inhibit the growth of both Staphylococcus aureus and Candida albicans [48] . Shetgiri and Rege [96] reported that homoeriodictyol (50) exhibited a wide range of antimicrobial activities. Besides, the flavanone, (2S)- [39] .
Astilbin (57), isolated from the leaves of Harungana madagascariensis, was also reported to possess in vitro antibacterial activity against the representative skin microflora of the armpit and feet (some bacteria are found to be responsible for bad odours at these body parts) [66] ; the results showed that few strains of such bacteria were destroyed at 200 µg/mL (MBC), a concentration sparing most of the useful saprophytic microflora -the minimal inhibitory quantity (MIQs) of astilbin ranged from 50 to 100 µg [66] .
Quinone reductase activity:The flavanones 28 and 30, isolated from Pongamia pinnata, induced quinone reductase activity [60] ; these flavanones were evaluated for their ability to act as phase II enzyme inducers using cultured Hepa 1clc7 mouse hepatoma cells by the investigators. The butenyl flavanone, (2S)-5-hydroxy-7-methoxy-8-{(E)-3-oxo-1-butenyl}flavanone (39) was also reported to induce quinone reductase activity [64] . The results of such study are shown in Table 5 . Sulforaphane was used as a positive control substance. CD = concentration to double the specific enzyme activity. CI (chemoprevention index) = IC50/CD.
It is reported that induction of phase II enzymes, such as quinone reductase, protects cells against reactive, toxic, and potentially carcinogenic species [134, 135] .
Other significant activities: Administration of the flavanone, naringin (5,7,4'-trihydroxyflavanone-7-Oneohesperidoside) 3h before infection with 108 CFU Sulmonella typhimurium aroA in lipopolysaccharide (LPS)-responder mice results in the protection from endotoxin-induced lethal shock [130] . The protective effect of the flavanone is time-and dose-dependent. Treatment with naringin results not only in significant decrease in bacterial counts in spleens and livers, but also in plasma LPS levels. Additionally, naringin significantly suppresses TNF-α and normalizes the activated states of blood coagulation factor caused by the infection as measured by prothrombin time, fibrinogen concentration and platelet number.
Flavanones are also reported to have phytotoxic activity. Tanariflavanones A and B (107 and 108) , isolated from the fallen leaves of Macaranga tanarius, play an allelopathic role by inhibiting the radicle elongation of germinating lettuce by 30% on application of the compound 108 at 200 ppm as compared to distilled water (control), while 107 inhibited the growth only by 11% at the same concentration [28, 29] .
Njamen et al. [111] evaluated both sigmoidin A (169) and B (170) for their in vitro and in vivo antiinflammatory potential; during their study of the inhibition of arachidonic acid metabolism, the investigators demonstrated that both the flavanones were selective inhibitors of 5-lipoxygenase (5-LOX), with no effect on cyclooxygenase-1 (COX-1). At a concentration of 100 µM, neither of them reduced the production of 12-HHTrE (12-hydroxyheptadecatrienoic acid), and none of the tested compounds exhibited cytotoxicity in the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] test. Sigmoidin A at 100µM reduced leukotriene B 4 (LTB 4 ) from rat peritoneal leukocytes by 95% to give an IC 50 value of 31 µM. At the same concentration sigmoidin B showed only a moderate effect (44%). In vivo antiinflammatory activity of the compounds was examined on phospholipase A 2 (PLA 2 )-induced paw oedema as well as on 12-O-tetradecanoylphorbol 13-acetate (TPA)-induced ear oedema in mice [111] . In the former test, administration of sigmoidin B (5 mg/kg, i.p.) inhibited the oedema by 59% after 1 h the PLA-2, while sigmoidin A showed only 20% inhibition 30 min after the injection. In TPA-induced ear oedema, sigmoidin A and B were found to be effective at a dose of 0.25 mg/ear, decreasing the oedema by 89% and 83%, respectively; for the reference drug indomethacin, the odema inhibition was 83% at 0.5 mg/ear [111] . The flavanone glycoside (55) , isolated from Echinops echinatus, has also been reported to exhibit anti-inflammatory activity [21] .
A biflavanone, 7,7''-di-O-methyltetrahydromentoflavone (97), isolated from Rhus retinorrhoea showed moderate antiplasmodial activity but no cytotoxicity [6] . Artemisia indica, found in Thailand, has been used to treat malaria, and bioassay guided fractionation resulted in the isolation of four antimalarial compounds of which the most active were exiguaflavanone A (98) and exiguaflavanone B (99) [18] , which exhibited in vitro antimalarial activity with EC 50 values of 4.60 × 10 -6 and 7.05× 10 -6 g/mL, respectively, against Plasmodium falciparum K1 strain.
Conclusions: Naturally occurring flavanones, an important class of plant secondary metabolites, are of much interest to the researchers working with flavonoids and the related fields. They are the obligate intermediates in flavonoid biosynthesis. Natural flavanones are reported to exhibit numerous biological activities; their antioxidant, cytotoxic, and antimicrobial potentials are promising. However, more systematic and thorough research is needed to explore the extent of the present knowledge on this spectacular class of natural products. The present overview has been compiled to boost research on naturally occurring flavanones so that safe and efficacious uses, which would eventually promote the on-going searches for novel 'natural leads' in drug discovery progammes, are found.
